The banana is the most eaten tropical fruit and the second most harvested in the world, losing only to the orange. In this research, we aimed to evaluate the growth and development of different banana cultivars in response to the use of different types of seedlings and management methods used for plant propagation in agro-ecological systems. An experiment under randomized block design was applied in a factorial scheme of 2 × 2 × 2, with four blocks and two replicates in each block. The treatments comprised all combinations of the following sources of variation: cultivar-'Pacovan' and 'Prata-anã'; seedlings weight-between 0.5 to 1.0 kg and above 1.0 kg; and method of propagation by rhizomes-with and without the acclimatization technique called "ceva". The efficiency of each treatment was measured as the number of days to occur the following events: first sprouting, flowering, final harvest and the interval between flowering and harvest. No source of variation affected the day of flowering. Therefore, we fixed the value of flowering days as 260, independently of the cultivar or method of propagation. The analysis of the coordinate factors revealed that the variables that best explained the studied events were period of final harvest (92%), followed by interval between flowering and harvest (75%) and period of initial sprouting (71%). The propagation of 'Prata-anã' without "ceva" had the greatest efficiency, where as the propagation of 'Pacovan' without "ceva" had the worse efficiency. The propagations with "ceva" obtained intermediate values.
The banana tree (Musa spp.) propagates both by seed and by seedlings, this last one being the most usual and efficient. In the conventional propagation system, 40 or more seedlings can be produced from the separation of sprouts from the parent rhizome, but not all of them develop satisfactorily (Alves et al., 1999; Borges et al., 2004) .
According to Rangel et al. (2017) , seedlings of not sprouted rhizome should be used whole or subdivided in half or four parts (weighing more than 500 g each). Such seedlings show slower development and a longer first cycle of production. In practice, the heavier the seedlings, the faster their development. Melo et al. (2017) evaluated the preparation of banana tree seedlings in the agroecological system of the region of the Açu Valley, semi-arid Region of Northeastern Brazil. The authors used in the pre-planting phase, cleaning the rhizomes with knives and machetes to remove all adhered soil, pseudocaule remains, roots and wounds or galleries of banana weevil. After that, the rhizomes, depending on the size, were divided into two, three or four pieces of approximately 1 kg, which were then used as matrices in the production of seedlings. Guerra et al. (2009) state that in the banana agribusiness of Açu Valley, seedling production influences phytosanitary quality due to problems with nematodes, rhizome weevil, Panama disease, soft rot, yellow Sigatoka and viruses that can be carried by the seedlings obtained by the conventional method. They suggest that the use of rhizome seedlings must undergo a technique of acclimatization called "ceva" for a period of 45 to 60 days, before the final planting.
The "ceva" is a process where favorable conditions are given to the banana seedlings to help the beginning of development of its root system and accelerate the swelling of the lateral sprouts (Mendonça et al., 2003) . For this, preselected rhizomes undergo a fallow (rest) on the soil surface, in shaded places, for 21 days before planting.
Unlike the agroecological management, industrial agriculture and monocultures in conventional management systems cause many economic, environmental, and social problems. Conventional farming techniques lead to negative impacts on public health, ecosystem integrity, food quality, and disruption the traditional rural livelihoods, accelerating the indebtedness of thousands of farmers (Altieri, 2010) .
Based on agro-ecological principles, Maia et al. (2011) studying genotypes of banana propagated in an agro-ecological system, verified that the biofertilizer dosage of 1.5 L/plant/month increased the plant height and leaf area at the first cycle.
In this research, we aimed to evaluate the growth and development of different banana cultivars in response to the use of different types of seedlings and management techniques used for the propagation of plants in agro-ecological management.
Material and Methods
Our experiment tested the response of banana cultivars to propagation techniques applied in the agro-ecological systems. The study was carried out in the Rafael Fernandes Experimental Farm (50°3′36.7″ S and 37°24′6.6″ W), Mossoró, Rio Grande do Norte, Brazil. The region is known as "agropolo Assú/Mossoró", and according to the classification of Köppen, the climate is BSwh' (hot and dry).
We applied a randomized block design in a 2 × 2 × 2 factorial scheme, with four blocks and two replicates in each block. The treatments comprised all combinations of the following sources of variation: cultivar-'Pacovan' and 'Prata-anã'; seedlings weight-between 0.5 to 1.0 kg and above 1.0 kg; and method of propagation by rhizomes-with and without the "ceva" acclimatization.
The experimental area consisted of 64 plants distributed in eight plots, with two replicates per treatment in each block, and four blocks. Each block was intercalated by two border plants, planted in a single row with the rectangular form, in pits of 0.40 m depth and spacing 2.7 × 4.0 m, respectively between plants and between rows. The border area of the experiment comprised 64 plants, with two plants distributed for each set of 2 replicates per plot in each block. The total area was 1,382.40 m², distributed in 128 plants, making an area of 10.80 m²/plant.
Before the treatments of propagation with and without "ceva", the rhizome tillers of the selected cultivar were ripped from the soil and transported to the study area. The leaves were removed, and the rhizomes were put in greenhouses with shade cloth and compacted soil. The rhizomes remained in the greenhouse for up to one day before its final transplanting, when the seedling was prepared by scraping with a knife for the elimination of excess roots and removal of necrotic tissues. The rhizomes were weighed to separate the ones with 0.5 to 1.0 kg and the ones with more than 1.0 kg.
After the plowing and harrowing of the experimental area and before the planting, we carried out the physical-chemical analyzes of soil (0-30 and 30-60 cm depth) and chemical analyses of the farm water. The results of the soil and water analysis were used to determine the local conditions for the conduction of the experimental plants and to evaluate the application of macro-micronutrients. The mineral fertilization occurred by the application of N-P-K, formulation 4-14-8, in the soil, or the supply of these and other nutrients involuntarily via soil and water. We also estimated the irrigation deep, the irrigation period, and the speed of infiltration to supply the experiment in different stages of development and avoid a runoff. The soil texture in both depths was sandy.
The phytosanitary and weed control was carried out in a preventive way, applying biological control, burning the native plants contaminated with diseases common to the culture under study. We also removed the weeds and deposited the dry matter on the soil surface to serve as mulch and place to shelter natural enemies of pests.
The supply of inputs in the experimental area was carried out following the guidelines of Alves (1999) , subtracted from the values found in soil analyzes (Table A1 ) and water (Table A2) , and divided into three stages. In the initial fertilization, we used 57 kg of cattle manure and 40 g of N-P-K mineral fertilizer per plant in the formulation 4-14-8 (167.4 and 37.04 kg/ha, respectively). The other fertilization steps occurred two months after the first one and five months after the second. We applied, in each one, the mineral fertilizers KCl, Urea, and Magnesium sulfate, in the amounts of 51, 38 and 43 g/plant, or 47.23, 35.46 and 39.82 kg/ha in the soil, making a total of two applications with fertilizers of 94.46, 70.93, and 79.64 kg/ha, respectively.
The water supply was done following the weekly/daily reference evapotranspiration estimated for the crop obtained as recommended by the FAO, Food and Agriculture Organization of the United Nations, (Allen et al., 2018) . The water replacement was performed through a drip irrigation system.
To propagate the rhizome with "ceva", we got seedlings with 15 to 22 days of acclimatization (average of 18 days). To propagate rhizomes without "ceva", the seedlings were collected in a transplant period of one day.
The efficiency of each treatment was measured as the number of days to occur the following events: interval from planting to initial budding of plants (Sprouting), interval from planting to tea at flowering (Flowering), interval between flowering and harvesting (Flowering→Harvest or F→H) and the total harvest interval (Harvest).
The differences among treatments were tested using Analysis of Variances (F Test) and subsequent unfolding tests. The analyses were carried out in the software Sisvar ® (Gomes, 2009; Ferreira, 2017) .
We also applied a multivariate statistic using the software Statistica 13 ® (Alvarez, 2017) , only the variables that obtained significant results in the ANOVA. We performed an analysis of hierarchical clustering as proposed by the single bond method of Euclidean distances. Then, the principal components were applied with the matrix of correlations and coordinate factors (Moita Neto, 2017; Manly, 2008) .
Results and Discussion
There was no significant effect for any source of variation on the number of flowering days. Therefore, we fixed the flowering day at 260, independently of the cultivar or propagation method (Table 1) . Donato et al. (2006) , studying banana of 'Prata-anã' and 'Pacovan' cultivars in the first cycle, also found statistically similar results for the cultivars, with the flowering occurring at 225 days after planting. Lédo et al. (2008) , also studying the first cycle of these cultivars, found that the 'Prata-anã' cultivar flowered at 208 days, and the 'Pacovan' cultivar at 240 days. Note.
ns not significant; * p < 0.05; ** p < 0.01.
The values flowering day obtained in our trial exceeded all values found in studies developed under similar conditions. Our bananas flowered later even when compared to studies under different conditions, for example, the 'Pacovan-Ken' cultivar flowered at 254 days and the 'Pacovan' at 232 days (Azevedo et al., 2010) .
The kind of cultivar affected the days for initial sprouting and the days for final harvest (p < 0.01). Also, the interaction between cultivar and the use or not of "ceva" affected the day of first sprouting (p < 0.01; Table 1 ).
The Propagation by seedlings between 0.5 and 1.0 kg (M1) and the interaction between cultivar (C) and the Propagation by seedlings with and without "ceva" (M2) affected the interval between flowering and harvest (p < 0.05). The interaction between cultivar and the use or not of "ceva" also affected the day of final harvest (p < 0.05), while the interaction between Propagation by seedlings between 0.5 and 1.0 kg and the use or not of "ceva" affected the day of initial sprouting (p < 0.05) ( Table 1 ).
The multivariate analyses addressed only the variable days of initial sprouting, days of final harvest, and the interval between flowering and harvest, neglecting the days of flowering since this variable suffered no significant effect from the studied factors.
The hierarchical clustering analysis showed that the variables analyzed are divided into two groups, which show that days of final harvest (ITC) correlates with the interval from flowering to harvest (IFC), while the initial sprouting day (IBR) does not correlate with the others (Figure 1 ). The principal Component Correlation Matrix (CCM) analysis confirmed the lack or low correlation between the initial sprouting day and the interval from flowering to harvest (18%) ( Table 2 ). The period of final harvest correlates both with the interval between flowering and harvest (60%) and the initial sprouting (56%). Taking in account all analysis, we may conclude that anticipation or delay in initial sprouting period did not affect the number of days between flowering to harvesting (the phase of fruit growing), but affect significantly the days required for final harvest (Tables 1 and 2 , and Figure 1) . Also, the fruit growth interval (day between flowering and harvest) was influenced only by the day of final harvest (Tables 1 and 2 , and Figure 1 ).
The cumulative effect of the correlations showed that three factors explained 100% of the events (Table 3) , but only the factor 1 was necessary to explain all the possibilities of the trial (eigenvalue > 1.00). The analysis of the coordinate factors revealed that the variables that best explained the studied events were period of final harvest (92%), followed by interval between flowering and harvest (75%) and period of initial sprouting (71%) ( Table 4) . Note. 1 In each row and in each column, averages followed by the same upper and lower case letters do not differ from each other by the F-test.
Still regarding the initial sprouting, when combining the Propagation by seedlings between 0.5 and 1.0 kg (M1) with Propagation by seedlings with and without "ceva" (M2), the best results were obtained when seedlings were propagated with rhizome weighing from 0.5 to 1 kg with "ceva" and with weights above 1 kg without "ceva" (21 and 22 days, respectively). The second best propagations were rhizome of 0.5 to 1 kg without "ceva" and weights above 1 kg with ceva (25 and 25 days respectively) ( Table 6 ).
Analyzing all significant results, we suggest that for anticipate initial sprouting, the best option for banana propagation in agro-ecological model was the use of 'Prata-anã' cultivar with rhizome weighing more than 1 kg without "ceva", followed by the 'Pacovan' cultivar with rhizome weighing 0.5 to 1 kg with "ceva" (Tables 5 and  6 ). Table 6 . Mean values of the initial sprouting day of the banana plants, referring to the unfolding of the interaction between propagation M1 and M2. Mossoró/RN, 2018¹
Without "ceva"
With "ceva"
Rhizome weight between 0.5 and 1 kg 25Aa 21Bb Rhizome weight above than 1 kg 22Bb 25Aa
Note. 1 In each row and in each column, averages followed by the same upper and lower case letters do not differ from each other by the F-test. Melo et al. (2017) , also studying 'Pacovan' propagation, obtained initial sprouting after 30 days of planting. In our essay, the most linger sample reached 29 days for initial sprouting. All other rhizomes sprouted early (Tables  5 and 6 ). Melo et al. (2017) explained that the delay obtained in the initial sprouting in their study was due to the addition of a step during the sanitization process (a hydrothermal treatment with sodium hypochlorite), which prevents the attack of the banana weevil. This justification, however, does not explain the delay in sprouting of our 'Pacovan' propagated without "ceva", because we did not apply the phytosanitary treatment proposed by Melo et al. (2017) . Thus, our results occurred simply because of the inefficiency of the production of 'Pacovan' without "ceva".
The best result for the flowering-harvest interval was 85 days, reached with the propagation M1 and rhizomes weighing between 0.5 to 1 kg. This period lasted 100 days when propagation was done with rhizomes weighing more than 1.0 kg (Table 7) . 
Note.
1 In each row, averages followed by the same letters do not differ from each other by the F-test.
Still referring to the interval between flowering and harvesting, when propagated without "ceva", the cultivar 'Prata-anã' required fewer days than 'Pacovan' (89 and 106 days, respectively). The cultivars did not affect the fruit development period when cultivated with "ceva" ( Table 8 ).
The time required for fruit development was significantly lesser for 'Pacovan' cultivated with "ceva" (89 days) than without "ceva" (106 days). The 'Prata-anã' showed the opposite response, fewer days without "ceva" (82 days) than with "ceva" (95 days) (Table 8) . Note. 1 In each row and in each column, averages followed by the same upper and lower case letters do not differ from each other by the F-test.
The best flowering-harvest interval was obtained by the propagation of 'Prata-anã' without "ceva", followed by both cultivars with "ceva", and finally the propagation of 'Pacovan' without "ceva" as the worst option (Table 8) .
Our results for the 'Pacovan' (106 days) flowering-harvest interval were better than the results of several studies developed in Brazil for the same environmental conditions, for example 'Pacovan' (135 days) and ' Dwarf Silver '(137 days) obtained by Donato et al. (2006) ; 'Pacovan' (119 days) and 'Prata-anã' (153 days) studied by Lédo et al. (2008) ; 'Pacovan' (154 days) obtained by Azevedo et al. (2010) . These numbers demonstrate the efficiency and superiority of the treatments and management that we apply..
For the final harvest day, when cultivated without "ceva", the 'Prata-anã' cultivar required less time (351 days) then 'Pacovan' (377 days). When grown with "ceva", the cultivars did not differ between themselves (Table 9) .
Still regarding final harvest day, 'Pacovan' required fewer days when cultivated with "ceva" (351 days) than when acclimatization was not used (377 days). Whereas, the 'Prata-anã' showed the opposite behavior, needing less time when not submitted to "ceva" (335 days) than when we applied the "ceva" (350 days) ( Table 9 ).
Unfolding the interaction between cultivars and Propagation by seedlings with and without "ceva" (M2), the earliest final harvest occurred with the propagation of 'Prata-anã' without "ceva", followed by both cultivars grown with "ceva", and the propagation of 'Pacovan' without "ceva", as the worst option (Table 9 ). 
1 In each row and in each column, averages followed by the same upper and lower case letters do not differ from each other by the F-test.
Our best results for final harvest day overcame the results obtained by Donato et al. (2006) testing 'Pacovan' (360 days) and 'Prata-anã' (362 days), Lédo et al. (2008) testing 'Pacovan' (360 days) and 'Prata-anã' (360 days), and Azevedo et al. (2010) studying 'Pacovan' (386 days). However, our worst result was better only than the 'Pacovan' (386 days) studied by Azevedo et al. (2010) . Demonstrating that most of our treatments were efficient and superior to many treatments suggested in the literature.
Analyzing the results obtained in the Hierarchical Clustering and the Principal Component Correlation (Figure 1 and Table 2 ) and the results of ANOVA for initial sprouting day, interval between flowering and harvest, and final harvest (Tables 5, 6, 8, and 9) , we observe that the faster the sprouting or the flowering-harvest interval, the earlier the final harvest day. The first two variables were correlated with each other and with the final harvest date for the interaction between cultivars and Propagation by seedlings with and without "ceva", where best results were obtained in the propagation of 'Prata-anã' without "ceva", and the worst 'Pacovan' also without "ceva". The propagations of both cultivars without "ceva" were statistically similar and showed intermediate results when compared to treatments without "ceva".
Because the final harvest day explained 92% of the events, it can be used as a good indicator to surrogate the other variables. It also points out that the propagation of 'Pacovan' without "ceva" was inefficient in the management of plants for agro-ecological systems in the studied conditions. This source of variation, however, also revealed inefficiency to explain the initial sprouting date of the plants and the flowering-harvest interval (Tables 4, 5 and 7) , which explained, respectively, 71 and 75% of the events occurred in the present study.
For the interval between flowering and harvest (75%) and for the initial sprouting day (71%), the variables that had the most significant influence to indicate that the propagation of plants by rhizome weighing higher than 1.0 kg and by seedlings with rhizome weighing between 0.5 to 1 kg propagated without "ceva", respectively, For the variables interval between flowering and harvest (75%) and initial sprouting interval of the plants (71%), which also had significant influence to indicate that the propagation of plants per rhizome weighs more than 1.0 kg and per rhizome with rhizome weight between 0.5 and 1 kg propagated without "ceva", respectively, had values equally unfavorable to those obtained both for each individual variable and for their unfolding in the propagation of 'Pacovan' without "ceva" (Tables 4, 5, 6, 8 and 9 ).
These two sources of variation affected only individual variables, not the three variables collectively or the final harvest day, which represented 92% of the events. Therefore, they cannot be considered as inefficient globally and conclusively, because in our study proved it only with the source of variation 'Pacovan' without "ceva". Therefore, this source of variation was the least efficient, and the propagation of the cultivar 'Prata-anã' without "ceva" as the most efficient and the propagation of both cultivars with "ceva" as intermediates to the propagations without "ceva" (Tables 4, 5, 6, 8 and 9) .
Conclusions
The best initial sprouting interval obtained in the study was the propagation of the cultivar 'Prata-anã' with rhizome weight of more than 1 kg and without 'ceva', and it is possible to adopt as an alternative option the propagation of 'Pacovan' cultivar with rhizome , weighing between 0.5 and 1 kg with "ceva";
The shortest interval between flowering and harvest of the study was obtained in propagules of cultivars with rhizomes weighing between 0.5 and 1.0 kg; and Appendix A 
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